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库中随机选取 768 个阳性克隆进行测序，拼接得到 729 个重叠群，其中 656 个重
叠群包含微卫星序列。利用微卫星两侧保守区域设计了 583 对微卫星引物，从中
筛选出退火温度在 50-64℃，PCR 产物稳定扩增、条带清晰的微卫星标记 308 个。
随机选取其中的 11 个微卫星标记用于标记质量评估，这 11 个微卫星标记的 PIC
值在 0.7276 到 0.9163 之间，具有高度多态性。 
利用开发的 308 个微卫星标记，以养殖个体♀和野生个体♂杂交 F1 家系为
作图群体，构建了杂色鲍的遗传连锁图谱。308 个微卫星标记中有 182 个标记在
亲本中具有多态性，可以用于图谱构建；采用 LOD=3.5 构建杂色鲍雌雄连锁图
谱，并用 JoinMap 软件构建了杂色鲍的整合图谱。雌性和雄性图谱分别包括 164
和 162 个标记，两张图谱均由 16 个连锁群构成，与杂色鲍的核型 2n=32 相一致。
雌性连锁图谱总长度为 758.3cM，平均间隔 5.2cM，16 个连锁群长度从 16.6cM
到 81.0cM，雌性图谱的预期长度为 971.3cM，图谱覆盖率为 78.1%；雄性连锁
图谱总长度为 676.2cM，平均间隔 4.5cM。雄性图谱的预期长度为 867.7cM，图
谱覆盖率为 77.9%。利用共有标记将雌雄连锁图谱整合，整合图谱全长 762.1cM，
定位了 175 个标记，平均间距 4.6cM，图谱覆盖率 80.7%。 
对杂色鲍作图家系的子代 96 个个体进行壳长、壳宽、壳高、全湿重、壳重
和肌肉重等 6 个生长相关性状进行测量，并利用构建的整合图谱，对生长相关性
状进行 QTL 定位。检测到壳长、壳高、全湿重、肌肉重和壳重性状的推测 QTL
各 1个，壳宽性状没有检测到QTL。检测到的 5个推测QTL均位于连锁群COM16
上，壳长、全湿重、肌肉重和壳重的余因子均为 Hdi294，可解释的表型变异分
别为 55.4%、56.9%、55.1%和 52.0%。壳宽的余因子为 Hdi133，可解释的表型变
异为 74.9%，全湿重、肌肉重和壳重定位在相同区域。 
在 308 个微卫星标记中，有 12 个标记在两个壳色 DNA 池 PCR 扩增产物中















增反应后发现，标记 Hdi3-119 标记在所有的黄色壳色个体中含有 381bp 特殊片
段，而在普通壳色个体中不含此片段，另外选取 5 个家系共计 384 个个体的验证
结果也证实了Hdi3-119标记为壳色紧密连锁的微卫星标记。微卫星标记Hdi3-119
定位在杂色鲍整合图谱的第一连锁群 14.9cM 位置上，其相邻标记为 aba100 和
Hdi299，标记 aba100 在整合图谱上与 Hdi3-119 的距离是 1.4cM，与 Hdi299 的距
离是 2.9cM。 
采用退火温度在 55-60℃之间的微卫星标记 264 个，用于杂色鲍“东优 1 号”
新品种及其配套系亲本—台湾群体（母本）和日本群体（父本）的鉴别，采用
DNA 池法和个体 PCR 法结合，筛选出 1 个可以准确、客观的鉴别杂色鲍“东优
1 号”杂交配套系的微卫星标记，标记名称为 Hdi3-52。标记 Hdi3-52 在“东优 1
号”实验组特异性等位基因为 223bp 片段，在台湾群体特异性等位基因为大于
258bp 片段，在日本群体特异性等位基因为 195bp 片段。 
 
















Small abalone, Haliotis diversicolor is naturally distributed along the coastal 
waters of East Asia: from Japan to the Philippines. It is an economically important 
maricultured species in southern China and Taiwan. The molecular genetic likage map 
of small abalone is essential for the identification and location of quantitative trait loci 
(QTL) as well as for the marker-assisted selection program, which has great 
usefulness in enhancing breeding efficiency in the aquaculture important species. The 
purpose of this study includes five aspects. First aspect is to isolate lots of 
microsatellite markers by constructing a microsatellite-enrichment library. Sencond 
aspect is to construct the genetic linkage maps for small abalone based on 
microsatellite markers. Third aspect is to localize some growth-related QTLs by 
composite interval mapping. Four aspect is to isolate the shell color-linked marker to 
improve the economic value of small abalone. The last aspect is to distinguish three 
groups to protect “Dongyou 1 #” new species.   
Small abalone genomic DNA library was constructed and included all the possible 
combinations of dimers and trimers probes. The dimers contain (AC)12, (AT)12, 
(AG)12 and (GC)12 probes, and the trimers include (AAT)8, (AAC)8, (AAG)8, (ATC)8, 
(ACG)8, (ACT)8, (AGC)8, (GCC)8, (AGG)8 and (ACC)8 probes. A total of 768 clones 
were selected from this library and 729 contigs were generated after analyzed by 
Phred/Phrap/Consed software. Five hundred and eighty-three pairs of primers were 
designed using the software PRIMER PREMIER 3.0. A total of 308 SSR markers 
were selected from this set of primers based on amplification efficiency and stability. 
Eleven of these loci were tested on 22 individuals from two different geographic 
populations, and all loci were highly polymorphic. These polymorphic markers will 
be used to analyse population structure, genetic diversity and construct a genetic 
linkage map.  
Genetic linkage maps for small abalone were constructed using a total of 308 SSR 
(simple sequence repeat) markers. Segregation data on 96 progeny was genotyped 
using a pseudo-testcross strategy. Sixteen linkage groups were identified in both 
female and male maps, consistent with the haploid chromosome number. The female 















map spanned a total genetic distance of 676.2 cM, with an average interval of 4.5 cM. 
An integrated map was constructed by incorporating the homologous parental linkage 
groups, resulting in 16 linkage groups with a total of 762.1 cM. Genome coverage of 
the integrated linkage map was approximately 80.7%.  
Shell length, shell width, shell height, total weight, muscle weight and shell 
weight are important growth-related traits in small abalone. On the basis of the 
integrated map, we located five QTLs of growth-related traits. QTLs affecting shell 
length, shell width, shell height, total weight, muscle weight and shell weight were 
identified on a genome-wide scale. The genome-wide LOD significance thresholds 
were 5.8, 5.4, 5.2, 5.3, 5.0, and 4.9 for shell length, shell width, shell height, total 
weight, muscle weight and shell weight, respectively. We didn’t identify any 
significant QTL, but identify five suggestive QTLs, each of the shell length, shell 
height, total weight, muscle weight and shell weight has one suggestive QTL. These 
five QTLs were located on the same linkage group COM16. QTLs for total weight, 
muscle weight and shell weight were scattered as the same region. 
Small abalone has two shell colors, one is brown which is the nomal color, another 
is yellow which is an unusual color. We find one microsatellite marker (Hdi3-119) has 
381 bp unique allele in the yellow shell color small abalone. Hdi3-119 was located on 
the linkage group COM1 in the integrated map. 
Three DNA pools of small abalone were mixed by Taiwan population, Japanese 
population and “Dongyou 1 #”, respectively. 264 microsatellite markers were used in 
this study, one microsatellite loci named Hdi3-52 can distinguish the three small 
abalone groups (Taiwan population, Japanese population and “Dongyou 1 #”). Each 
of the three groups has its own private allele.  
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DNA 序列变异是 DNA 重排、碱基替换、缺失、插入、倒位、易位和序列重复等
多种形式。同一物种内存在极为丰富的 DNA 碱基序列变异，为开发和利用分子































1.1.4.1 限制性片段长度多态性（Restriction Fragment Length Polymorphism，
RFLP） 
RFLP（Restriction Fragment Length Polymorphism）是 早发展的分子标记，
至今仍被广泛应用。限制性片段长度多态性（RFLP）主要是由于 DNA 序列中单
碱基的替换、DNA 片段的插入、缺失、易位和倒位等引起的。RFLP 标记也称为







性频率较低，能提供的信息有限；（2）RFLP 需要的 DNA 量较大，检测方法较
为繁琐，检测周期长，成本费用高，需要对探针进行同位素标记等。Bostein 等
（1980）提出了利用 RFLP 构建生物遗传连锁图谱。第一个 RFLP 遗传连锁图谱
诞生于 1987 年（Keller，1987），其饱和度与经典的遗传连锁图谱相比，大为增
加。 
上世纪 80 年代中期发展起来的 PCR技术，是分子生物学中的一次技术革命。
PCR 技术具有简单、快捷、灵敏的优点，推动了以其为基础的分子标记进一步
发展，与 RFLP 相比，这些分子标记所需要的 DNA 量较少，可检测 ng 水平；不
需要同位素，安全性好；较便宜，快速易行，易于自动化。 
1.1.4.2 随机扩增多态性（Randomly Amplified Polymorphic DNA，RAPD） 
RAPD（Randomly Amplified Polymorphic DNA）是由 Williams（1990）和
Welsh（1990）领导的两个实验小组几乎同时提出的一种新的 DNA 检测技术。
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